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A Bl ODEGRADABLE TI SSUE CUTTI NG DEVICE, A KIT AND A

METHOD FOR TREATMENT OF DI SORDERS | N THE HEART

RHYTHM REGULATI ON SYSTEM Fi el d of the Invention

nt invention relates to treatnent

cfysor §(S in the heart rhythmregul ation syglf%TfEmO /062400

speC|f|caIIy, to a tissue cutting device, a kit of

shape- 5 changing devices and a nethod for treating

such disorders. Background of the Invention The
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|npulses fromthe heart rigsgmem egul ati on system The

heart rhythmregul ation systemtransfers an

el ectrical signal for activating the heart nuscle

CRidKE] dlifSTHhe Aovemkionnducti on of el ectrical inpul ses
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travels a
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% ”a%&qea&‘e@i%eghgnao THOCH c?sf&p%‘i'eélt:hﬁﬁdshé‘hon| y

the nuscle ce contract and create
t@ﬁﬁ@ﬁﬁﬁﬁ&@ function of the heart (see Fig. 1). The

el ectrical inpulses are transferred by specially
g EﬁgﬁﬁF G% tﬁ%°§n%gﬁ§££n“"' create and di scharge
The circulation of blood in the body is controlled

by the pumping action of the heart. The heart expands and
contracts by the force of the heart muscle under. impulses
from the heart rhythm regulation system. The heart rhythm
requlation system Lransfers an electrical signal for
activating the heart muscle cells.

The normal conduction of electrical impulses through
the heart starts in the sinoatrial node, travels across
the right atrium, the atrioventricular node, the bundles
of His and thereafter spread across the ventricular
muscle mass. Eventually when the signal reaches the
myocytes specialized in only contractioﬁ, the muscle cell
will contract and create the pumping function of the
heart (see¢ Fig. 1).

The electrical impulses are transferred by specially
‘adapted cells. Such a cell will c¢reate and discharge a
potential over the cell membrane by pumping ions in and
ocut of the cell. Adjacent cells are joined end-to-end by
intercalated disks. These disks are cell membranes with a
very low electrical impedance. An activation of a
potential in a cell will propagate to adjacent cells
thanks to the low impedance of the intercalated disks
between the cells. While being at the embryonic stage,
all heart muscle cells, the myocytes, have the ability to

create and transfer electrical signals. During evolution
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25 potential over the cell nenbrane by punping ions
in and out of the cell. Adjacent cells are joined
end to-end by intercalated disks. These disks are

nmenbranes with a very Iow el ectrica
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to adjacent cells 30 thanks to the | ow i npedance of
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Gases oceur every ye unghe UEF ﬁg the nu £ from
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3urmi 0l. efpef sensopdiatsiort redflrentfef atemadF, whereas .
fd3E|l%akhgnpbﬁufﬁ%iéﬁ“&ﬂéyﬂfh%pﬁb% of 65 suffers from
AF. 160 000 new cases occur every year in the US and the
number of cases at present in the US is estimated to be
around 3 million persomns. Thus, treatment of atrial
fibrillation is an important topic.

Typical sites for ectopic premature signals in AF
may be anywhere in the atria, in the pulmonary veins
(PV), in the coronary sinus (CS), in the superio; vena
cava {(SVC) or in the inferior vena cava (IVC). There are
myocardial muscle sleeves present around the orifices and
inside the 8VC, IVC, CS and the PVs. Especially around
the orifice of’the left superior pulmenary vein (LSPV)
suéh ectopic sites are frequent, as well as at the

orifice of the right superior pulmonary vein (RSPV). In
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Typical sites for ectopic premature signals in AF 30
may be anywhere in the atria, in the pul nonary veins
(PV), in the coronary sinus (CS), in the superior

vena cava (SVC) or in the inferior vena cava
WRENETEPY yocardi al nuscl e sl eeves present {; ﬁ?gnsmeuoo
the orifices and inside the SVC, IVC, CS and the PVs.
Especially around 35 the orifice of the |left superior
pul monary vein (LSPV) such ectopic sites are _
faRquantiplassnell abrated g or trrpendftehesdqggimical
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c?a%ééltelrﬁ'étﬁ?PFal muscul at ure under goes an el ectri cal
rem)detlnl ithg sbromit dheare-iempnantases cuilts ausiEdi n

%%%eCQH&%P&&¥§|éh chzcth8chat Lentad 1dnd @8 that

ISCO ort e |rregu ar heart rate, sonetines in
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dafegq dsn o&oEﬂéoieft and right atrium. Here, blood clots
may develop. Such blood clots may in the left side of the
heart get loose and be taken by the blood stream to the
brain, where it creates disastrous damage in form of
cerebral stroke. AF is considered to be a major cause of
stroke, which is one of the biggest medical problems
today.

Today, there are a few methods of treating the
problems of disorders to the heart rhythm regulation
system., Numerous drugs have been developed to treat AF,
but the use of drugs is not effective to a large part of
the patients. Thus, there has also been developed a
number of surgical therapies.

Surgical therapy was introduced by Drs. Cox, Boineau
and others in thé late 1980s. The principle for surgical
treatment is to cut all the way thrbugh the atrial wall

by means of knife and scissors and create a total
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25 cerebral stroke. AF is considered to be a ngjor
cause of stroke, which is one of the biggest nedical
probl ens today. Today, there are a few nethods of

treating the problens of disorders to the he
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devel oped to treat AF, but the use of drugs is not

effective to a large part ofs the patients. Thus,

t here has al so been devel oped a nunber of surgical
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t hat, there _nust be a ph%gll cal_c n#}act from myocyte to
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fﬁ éygfﬂg g%EtﬁthaEfﬁﬁigﬁHtthe
cut t

It i s necessary ra e atria and the

SVMC amd the IVE in s%Fipss. % HRe S§EFPHSEEF LB
togridher they will giwe dhe inpreessbancof aaldayirini h

Qi idiing the LByl se FIOM e SRLELY! nBaged dutde
atrioventricular node, and the operation was consequently
given the name Maze. The cutting pattern is illustrated
in Fig. 2 and was originally presented in JL Cox, TE
Canavan, RB Schuessler, ME Cain, BD Lindsay, C Stone, PK
Smith, PB Corr, and JP Boineau, The surgical treatment of
atriai fibrillation. II. ITntraoperative '
electrophysiologic mapping and description of the
electrophysiologic basis of atrial flutter and atrial
fibrillation, J Thorac Cardiovasc Surg, 1991 101: 406-
426. The operation has a long-time success of curing
patients from AF in 90 % of the patients. However, the
Maze operation ihplicate that many suture lines have to
be made and requires that the cuts are completely sealed,
which is a demanding task for every surgeon that tries
the method. The operation is time consuming, especially
the time when the patients own circulation has to be

- stopped and replaced by extracorporeal circuiation by
means of a heart-lung machine. Thus mortality has been
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20 atrioventricul ar node, and the operation was

consequently given the nane Maze. The cutting pattern

is i I lustrated in Fig. 2 and was originally presented
Cox, TE Canavan, RB Schuessler, ME Cai

VE? ﬁ%‘gﬁﬁ?gﬂc Stone, PK Srri th, PB Corr, and JP g%?’ﬁ@é)ﬂﬁmzmo

The surgical treatnment of 25 atrial fibrillation. II.

| ntraoperative el ectrophysi gl ogi c mappi ng and

description of the el ectrophysiologic basis of atrial

flight endahbeates Bly faded [deguilon, rendherdclcdis dpasls of

%H&%w 9y %Qélné@Qnmﬂ%ﬁftgﬁesgﬁgéaﬁbOn haS a
ong-ti me success of curi n 30 pﬁ/ﬁ% n% éom AF in 90
e

s of Th BELFLRRL. MAASvErS tihe peen
igmpipldFtedt bat e mamynasivitngr ehki nesbhavet tmfbvesm tand

Ingi%g %S Eg%htpésuﬁﬂ%&ga & GogBhAat %Jeé’uﬁ@air?%oéwcﬁ'&es

or- every surgeon th é tries
rﬂ‘éﬁq@@rmﬁélﬁp@@%woglltv e CEoRShhFHY, © slﬁbcc%%qnf is
&Katike MaAe When(éke miati ent.s own circul ation has to

be st gﬁ@ed ane%fc?@' %_dsﬁxst?ﬁﬁy gier pot cd rtféé %}‘?kr%n

by ne °6f "a eart Tta
bderp bsehi ghvah@lp¢qher€r%1ﬂly géadthegﬁl Iﬂ%tl?%%n

ﬁra{]&mn%t@&n?@aﬁw Y&k dhd IoH EQ@saﬁdh@?fb@éﬂn sw;glm by
e _orjgn e operatl on t erore

dlfS 8rb§ le‘? NSRS ﬁganﬁﬁbg{l of Phci sﬂ%)nasvotlcc)1
asa@ammumgnthettidssm@,smrtsmgd ang deedreesiie Gisswssy

GasES: thﬁeEHrBfn&$akgﬁfﬁjpQﬂ@oﬁbﬁeuﬁﬁgtéiﬁt&ﬁrbﬁgéte a

incisions is call

Higtis Brorg; BEF diEde Weiilon ] Bos rlaoRA R AT LS pagRue
deielepedraaseat| yigiald kege moethedd, thheed@radthsalsame

::Tgeits}']dlg:g ,T%gd ée%'{zlqge@édt 5548 l&‘ﬁ% Qﬁ@ £ BRL a@@%é’%pened

ocyte cel us, one nm
arsl dheeparati ﬁeom%dtq @é’eqeﬁ*st Egat]aﬁér det rFFHHe
tdSsue Busmeanseofaheaillyr ceoelongdetntdhef idzie only
a.ttern Q.Create | esi el rough the heart wall.
&f 5‘ %yt%etcl%sssue YI% can not transfer
si gnaIPs lamgermwebfandafi hitavdicese heNe BaneleeR IV aEpPase

QEhjﬁy%grlgbbyénébﬁyC&&ﬁﬂcé@ﬁ&okod@@t@ﬂ?ﬂﬁ@ the myocyte
tissue. Such devices may use high radio fregquency energy,
as disclosed in e.g. US 5,938,660, or microwaves,
ultrasound or laser energy. Recently, devices have been
developed for catheter-based delivery of high radio
frequency energy through the venous and or arterial
systems. However, this has so far-had limited success due
to difficulties in navigation and application of energy
and also late PV stenosis has been reported. Further,
devices using cooling of tissue has used expanding argon
gas or helium gas to create temperatures of -160°C. Using
an instrument with a tip, tissue can be frozen and
destroyed.

WO 03/003948 discloses an apparatus for treating,
preventing, and terminating arrhythmias. The device,
which is implanted and left at the target site, is

provided with protrusions that pierce the tissue, via
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source has to be carefully controlled to affect only
tissue that is to be destroyed. 20A | arge nunber of
devi ces have now been devel oped using .vari ous energy
sources for destroying the myocyte tissue. Such
devices may use high radio frequency energy, as

di sclosed in e.g. US 5, 938, 660 or m crowaves,
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HRmveshrheenri he sttenaf acidvdme.to ensure that it
does not harm or in any other way inflict negatively
with, tissue in the vicinity of the site of action.

Wf unction .

Embodiments of the present invention seek 1o
mitigate, alleviate or eliminate one oxr more of the

above-identified deficiencies and to provide a new
device, and kit of devices, suitable for a method for
treatment of disorders to the heart rhythm requlation
system of the kinds referred to, according to the

appended independent claims.
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I'vered rein each tissue cut devi ce
doviges ihedapiodg bs isseECkhigsa destrrd a?mmdh%ccagn% sigus; and wherein

saidl @i%ﬁfet(ﬁi@du% B&vices A28 iof achipdgiddaslp rtdttdl Nsuchahataariuplarality of

ein e ch t| SueeCuL L
tispE e B ehangrrSRe feritB L B Sl s ih el d Mg 11
patstafoe saitl encathreotofdiscaders mi the lj@esi nh&fthrrptl@gml@ﬁl@rﬁystﬁm ch
strives to a dianmeter that is larger than the
di anmeter of the vessel at the desired position,
whereby the tissue cutting device will becone
enbedded into the tissue surroundi ng the vessel at
the desired position and destroy the tissue in order
to prevent it fromtransmtting electrical signals,
wherein at | east one of the shape-changi ng devices is
adapted to be inserted to a desired position at the
orifice of a pulnonary vein in the heart, and at
| east one of the shape-changi ng devices is adapted to
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detail by way of exanple under reference to the 10
acconpanyi ng drawi ngs, on which: Fig. 1is a
schematic view of the transm ssion of electrica
signals in the heart; Fig. 2 is a schematic view of a
pattern of cutting ti ssue of the heart wal
according to the Maze-procedure 15 for treating

di sorders to the heart rhythn1regu|at|on system Fig.
3 is a schematic view of a’sinplified pattern
according to the Maze IlIl-procedure, wherein the
heart is seen from behind; 20Figs 4a-4c are

per spective schematic views of a tissue cutting

devi ce according to an enbodi nent of the invention,
wherein Fig. 4a shows the tls d c

Fi'r st ArERBEIAYS SRATE R B BDC S ORE Ff sede e
:ﬁu&mbngeﬁend@mtlcﬂausecond pernanent shape, and 25
Fig. 4c illustrates the tissue cutting device having
sharp edges; and quj15a 5b _show the tissue cutting
Briwfc Beﬁﬁr@hhon of the Drawings

. The invention will now be described in further

detail by way of example under reference to the
accompanying drawings, on which:

Fig. 1 is a schematic view of the transmission of
electrical signals in the heart;

Fig. 2 is a schematic view of a pattern of cutting
tissue of the heart wall according to the Maze-procedure
for treating disorders to the heart rhythm regulation
system; '

Fig. 3 is a schematic view of a 31mpllfled pattern
accordlng to the Maze II1I-procedure, wherein the heart is
seen from behind;

Figs 4a-4c are perspective schematic views of a
tissue cutting device according to an embodiment of the
invention, wherein Fig. 4a shows the tissue cutting
device in a first, temporary shape, Fig. 4b shows the
tissue cutting device in a second, permanent shape, and
Fig. 4c illustrates the tissue cutting device having
sharp edges; and

Figs 5a-5b show the tissue cutting device of Figs

4a—-4b inserted in a body vessel.

Detailed Description of a Preferred Embodiment

Referring now to Figs 1-3, the problems of disorders
to the heart rhythm regulation system and the leading
current method of treating these problems will be
described. In Fig. 1, a heart 2 is shown and the
controlling of the heart rhythm is indicated. The heart
rhythm is normally controlled from the sincatrial node 4.

The sinoatrial node 4 transmits electrical signals which-




4a-4b inserted in a body vessel. 30 Detailed
Description of a Preferred Enbodi nent Referring now
to Figs 1-3, the problens of disorders to the heart

_ Wé%ﬁfg&;g egul ati on system and the | eadi ng current
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3f treati ng these problenms will be deSEE2B 62400

In Fig. 1, a heart 2 is shown and the 35 controlling
-of the heart rhythmis indigcated. The heart rhythmis
normal ly controlled fromthe sinoatrial node 4. The
agenpacpigd teddh pughandei hsastevatl coy msiagsalod whiechal

c%lagef@ zér?%gévﬁqgﬁlé FEEH??%I maleltgetqg@gi of
=3pEeL] eefl et BRbiinest ras Qe cohtfimgte

thel hecnbrru#asraltee ddild sh&amt aﬂmest esoaehltsarfegusakbmdst
c%blgakﬁs\e@@%m&&g%@ pated. o0t {,2Gt i Qf atﬁk?gum

s in a heart. atrium and heart ventricle. . T
2R8r RERTE ofRRICHI Ohf -ofT & é‘EFF‘%aFOPWfﬁﬁ%‘s Otﬁﬂle&ﬁ(jﬁrf-%l
ihpal test @itcudghn tihee hebmr@abthats nbdety dimaaelr-sadchods

st he %Qi‘é Qﬁdégnthteh%l he! Q *595.‘&15' cular E}‘?L%%eﬁtﬂ)gﬁﬁar

bun es of and erea ter sprea across

ngdat ?i ctiarPuRd@se ofadds Pnapddikoreriter Spireadi agross

takectit eadughRlstlar faskar tRdai di eeddreeelslisuauishfe
he, si po trJaI node 4, .in.s caIIed ect opi sites.

$REE BPE i laa S gara iBf, B ATt E Gl " oBtbERe ene

Séagwr-‘h@l |remieof4 it ﬁ@ Bearelindcetetemic siles.c@hreral

e@é&@?i@aﬁléﬁﬁlaélfse werlgsamgtu%:é the S oBinatians AFSshon
aot i e cause of arrhythmc

hﬁ??ga‘&‘é% S-S &tfr ﬁVeFF‘Er??F%Q%CorF% At°Fi BFesent,
théusigmal transmirs sgons bengmeet dogbtior. tThdat wiglt hesehe

thé@aéﬁsaf&lpﬁﬁrﬁ% Qﬁsbé%ét | Bgch h§s e—ﬂﬂ%lc fib‘i:ﬁlé@;on

order to prevent 20 the el ectrlca signals starte

apfedlrit opittt&%-es to propagate in the heart wall.
Thusan tdrei ftdaigt meahbdi Soeutreatiettdlasd kiievghet ot s

béQé&réfﬂpi%Jk%éﬁ ‘E:%p bEEg?StT%ﬂ?é‘% chl | dd ag tg%QéQ}lE

errati c ectri uUs create
the @Pl%tlfﬂe?sﬂlecfwntaHSf %aaﬁgdt I3 sHesuficiwris pites to

pHopbh £t 4 O raRs maetarel RELIL Cahus) oftd hieabtUsialtihespahh
oBhp o ) SHlLeR] 8, 00ALEFLSePLOE A PO E5LaD
cpbls that transmit erratic electrical signals. The thus
created lesion will be healed with fibrous tissue, which
is unable to transmit electrical signals. Thus, the path
of the electrical signals is blocked by this lesion.
However, since the locationldf the éct0pic sites may not
always be known and may be difficult to determine or
since there might be multiple ectopic sites, a special
cutting pattern has been developed, which will
effectively isclate ectoplc sites. Thus, the same pattern
may always be used regardless of the specific locations
of the ectopic sites in each individual case. The
procedure 'is called the “Maze”-procedure in view of the
complicated cutting pattern. In.Fig. 2, the Maze-pattern

is illustrated.
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al ways be known and may be difficult to determ ne or
since there mght be nultiple ectopic sites, a
special 30 cutting pattern has been'déveloped whi ch

‘WOH%&%REI{eCtlvely i sol ate ectopic sites. Fm%%ﬁwmumm

pattern may al ways be used regardless 0
specific locations of the ectopic sites in each
individual case. The procedure is called the

"Maze"-procedure in view of the 35 conplicated
© cut tHawpvgart @snis| aviigot oframd ighz 8- pabeefitisng

phtt st riad %Gztenglve anklO¥EMETox afnd Teguitident af aDRFFhglt
2, the ttin attern i ext S|%%eangv gg& qggjjr

ST ¥ es A 3di ' Fcuft=s %?é% CheVNaze-pattern

thaslltrearzee\t@leveequﬁreddemttmgﬁ rﬂmﬂ sédnphéfy gt red

pSULLIN0S aRAnSLaPhbE¥ible. opatdany,as pHER 85I-
possi bl e. Current

a Maze ||| ern i s _used,- as
PRHowHR | P rrasg%drsas%hgwaawe%% S ndtigeP 8@&5}-’%%% it
abu&ampﬂﬂqhﬁﬂdl buef fevldvetyll sof e itvkd yet sopate sthies
e&i?%%}; S IR I TR MazEel ! | pRALESIN ﬁqngatgs]?na cut 8

superior pul npnary vein LSP and
coPRTiRSY & Fdr BoR T pUNfoREe yl el r?!{ﬂ_elrpw BHi'j grary vein
(CSPV e SN dibky 1@ttt iﬂfétﬁ)djﬂdpﬁhﬁbrraxghtveiupeLl[BV) and a
uInDnar vei n, (RSP r
€u¥%%%ary1$%FUt Eé %}OQQQC% gl%hgﬂane t?%ég ﬁulmﬁaﬁry
vein s{ESEAd ang éh@uﬁGthelﬁﬁﬁﬁMrR}l%ﬂ%Y(mn ERERY) 7
aldut rom ctdﬂn%fgc%@e %héﬂﬁwé U&uﬂ-é_)VS ardea r(])c ar:e?aaytm nus
a cut m t he So Lusthe e
pé&ﬁéﬁﬁﬁﬁ;ve¥¥ d%%iS ?r8H1 erlﬁﬁ €€ﬁge%§%§5‘$bt
to othdecaupemyor ingsa (Eaya @smqy 16 fuem Z@ecéﬂﬁécPVﬁgtO
tﬁgeléf% é%%f%ﬁpﬁﬁgehaggé'thcﬁ%kﬂgﬂﬁ¥dthh%UEn£§rlor

bet ween t he e SV a cut 22 frg &he cut %ﬁ)
vopa bf'eweeeﬂwetw&hanauPﬁﬁl%w‘é?%gcat"ﬁe‘ 5}5 { Far?f
cahméctmmmltihe amd a0catofddi s atiglg: tHVe minghthat el 13
b%ﬁ?%%ﬁ%%fee&%%] datﬁat EQED, A WBiEM sfﬂo%ﬁheoe’ekexs and

y isolates the ectopic.si E
bpeeer st TWhedd thessie 6%@%@ thg |rights ﬁﬁ?rﬁ t be
abeedrRval2S Roid exangl e4 ﬁhemttmg rence-ighteetopat

Bheiodtr sl PaROURe alifefiic 8, Sonpler 2

or e icient to make the cuts
WBlChOBE#QﬁﬁWYQHNelPVéatPQr?h@rec%@P%Quﬁ%ﬁ§§ed #eEnbere

ekt@ﬁﬁ;&e@ndrﬂ%omet I&as@gt,Samou@ds trﬁ'tﬁ_{ P& BBynbeddane
PR ORI & @ CHIERE oo L RarB1S Db Gageg stares
apossdbthethxﬁioa@tpﬁnghahP@agﬁﬂ@hethﬁ%ﬂﬁpﬂﬁalPtlﬁaﬁ be
SHEW BRONET o ThUS tAeSkikkal, Pabt £Fdurdd drlee pBze
FLLthaftggrhndlcated with the lines 87 and 10’, the cuts
around the PVs may be done along each PV orifice instead
of in pairs.

According to the invention, there is provided a
possibility of cutting through the heart wall in a new
manner. Thus, a similar pattern to the Maze III-pattern
should also be achieved according to this new manner.
However, as mentioned above, it may not in all cases be

required that all cuts of the Maze III-pattern are made.
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shoul d al so be achieved according to this new manner.
35 However, as nentioned above, it may not-in al

“"“cases be required that all cuts of the Maze

W(g%og@%agﬁhern are made. 10 . Referring nl{t‘t”f/iﬁud:ﬁ/ugzcaoo

eart wall tissue lesion creating cu
devi ce 26 according to an enbodi nent of the invention
will be described -and the new manner of performng
the cuts through the heart wall will 5 bhe éxpl ai ned.
The ReBe¥rimgd InoM $eudipestoh: ct tdtig "edt tAgSHBvi ce
126 1(:>heegé@@iﬂge rc&&llln@d d@kr&tze ng6 deydee)ings tehawn in

_Fi flrst st ich the tt|n Vi C
e?%gdlm?u%u? nedEE éopl %xgbe S l egcgﬁ fEw
mdeveceoréamsfmm |thergtS4bth<§1 s@@:ﬁﬂ@aﬁtamlll'@l 1
Leneyamabné@e HY tHe%Q:td%\éllQetzﬁsﬁé Ié&lararcx@a@lags a
second gla i'S Iarggg th e flrst
C&FE&B% St c@ﬁrﬂ%@aééWc‘éa ‘?s‘“’f dgyige) 1is
sghapeinefbyy 4watier icalfirehi shahas iﬂmwhﬂmﬂluh¢ gfitting
d%@??é' §§ Ngs %Ml%&”%% shapg Ehale e ti cantly

roma 15 tenporary shape. The shape nenory
CREERT aRCVH T 4% difs FEOWRr ofh F18- t Hipidt & P erertt §tater
inewhttlE ethe partEmgnidesiape2dsia t@spinsenddohas a

sé%héb&faﬁééé!}“djswﬂ%% %%i ﬂk&%e“ﬁ%’alpeth%x%q%%e to a

atdre SucC erature ove e.
digmetpntd ma'Vl% EUrAiSed 5y I eRe2 Bo%ﬁ/ Brmeshedr &t aihépe
m&'ﬁ@r‘ﬁ itk tSe ITBWHS Wht ablsy the @BﬂbiﬂfhﬁdaﬂMrdelfho&'thng a

ase, of.ar traln in k t he
PR R AR e Pt AP PAMTaLoa oy e Hee
tehppeary shapeth&hehapeprsemenyraneidalalawidis transfer

FoeRI 9Pk ngerépc%grty R dey aemdfitbal ;s@amab@na;oraha@@t gd a
into a smal’l rar 25_shape, before i nserti
ulégai ﬁ%

TPRPBRES pat | rit SEABRHEr | b deviTE o TRy Be
ekpsentedie m tﬂametderqu&ncytshapesmdl tére ehdampeghtare

aB@béth?thj@Qankﬁﬁnl %%l@Eu§¥§t§§ntﬂg“%dd§”porary

shape of the cutting _device | so flexible,

tﬁﬁ@?é%‘ﬁ“ﬁ% dity StHEGE: Ay aem%llzéoet (Bt Reso itk
thaseulaﬁssymﬁeannest&admhmgamednsThwmaahumay|Mmepothehe

SHUELT 8 SRR BELHAT B Bl Qe

S catheter tec ues
unagah%s%lﬁw mea@édfuf“étaﬁaaﬂra?lb%%é}equoﬁ gutting
deeatengs hemdtt .makhts dohe redtbdngntievi Gna2Q ,memporary

SSQ'%¥£5¥% L%Qéfﬂ%a%dl%ko a patient. Thus, the cutting
device 26 may be inserted in this temporary shape to the
heart of a patient through the vascular system. The
temporary shape of the cutting device 26 is also
flexible, whereby guiding the cutting device 26 through
the wvascular system is facilitated. This insertion of the
cutting device 26 may be performed with well-known
percutaneous catheter techniques. Thié is an unaggressive
procedure and may be performed on a beating heart. Thus,
the cutting device 26 may readily be positioned at a
desired position within.the vascular system adjécent
heart wall tissue to be treated. The cutting device 26

may then be allowed to transfer to its. memorized,
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35 desired position within the vascul ar system
adj acent heart wall tissue to be treated. The cutting
"device 26 may then be allowed to transfer to its

WOEEEQ%%%? 11 per manent shape when 'nse”%‘éﬂ]ﬁz@%@mo

position in a blood vessel. As shown in
5a, the cutting device 26 is inserted inits ,
tenporary shape in a desirgd position 5 within a -
bl ood vessel 28. As a response to a stimnulus, e.qg. ‘
pPeheamenly shapgewhenr dnsehecd Ut i Wy desiiced2Bofi F101 Heh
aSbibye dQmands changi ng its shape and obtaining the

per manent shage. The rrermﬁg her na nent 55 e of

the BUtTHHG dBvit8- 262w t ncoLf 1:f31ntg i ﬁtv%c?he bt Dod

insssedd 28y ite whepebyryhshaps timg deviced2Boaition
wiglg&? 4 15l dq b@egaghmurmwdﬁé@&ﬂs@s% Eogtm@m@; ng

per mmnent shape, as shown E
endy, thhdadn thewgeaé*v‘%%f 265 ?Wtﬁ%l‘rogtdeﬁéﬁst gt‘élﬁwe
tNes set r wad Itoa:raddtsheheﬂeﬁieg tissslmmuandundtagnimme the

pgrggﬁ% %ﬁﬁ m% ASHE: £ T@J.;&s agma ot 18a.penstrated

ea | ng react] on
S

chit i@ c&ﬁmyce \%ﬁeﬁélih@%uﬁt nP e vifce P2 Ve Rk § m
wﬁeﬂ@ﬁy reck mlttmgn dtoiebangewsimpRrde aughlieahtougt |

ssue,. cel.l.s tha are ble t C I
U SRRy Srbe et PR TiAR L TRTnboBhE bALER, oo
shptvh tFirmstdre Inhehabi tayy e tqtaiﬁrmt dél‘fé@?r?-éa‘vlll
£51 9P %&é\%tet l&%etfeg Bell ﬁ&lﬁuéﬁd rtgled;%wm@rzémshé

reducelhe [ of tra ng el ec rlc nals
SYRF oy é:%ﬁi? feORal £SS g %% rJth%%ee\?g ?%l NG
pelnetmsed mntiglll ibgektil yedndwilesh gni g stuae?tper hanéhngzs
rSREPERT1 Oﬁe h&C Wl gngwﬂsxécgﬁe 28, 8CGR HRAY 26hes

cutting vices 2 penetrate hear vvaII tlss e to
péreatd el%\ apéietSéﬁfﬁdopoéaHOeoF? SR r%l tHECKES e
hthttpadllertissue, celhe ¢€hiatiage mae:e:dmyraabs@tbe

eiQQEM%ﬂ A9’ Ga ngLQ;gEOPEhkf'lféﬁt I %%\é'l‘iﬁg”ay

presen theavan bei n le to affect
PEAEEFHGY Rk ik |rﬁS§PF6dFP@c@%%Jstlé|ﬁﬁjlttré‘ﬁ'é&&%l y.

electrical signals and, therefore, the cutting device 26
will reduce the ability of transmitting electrical
signals through the heart wall. By placing several
cutting devices intelligently and designing the permanent
shape of the cutting devices 26 accordingly, the cutting
devices 26 may penetrate heart wall tissue to create a
pattern of cuts corresponding to the Maze III-pattern.

The cutting device may also be spherical and/or
globular. This cutting device ﬁay ﬁresent the advantage
of being able to affect cutting acticn in all directions
simultaneously. _

An example of a shape memory material is Nitinol,
which is an alloy composed of nickel (54-60%) and
titanium. Small traces of chrome, cobalt, magnesium and
iron may also be present. This alloy uses a martensitic
phase transition for recovering the permanent shape.

Shape memory materials may also be formed of shape memory
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‘An exanpl e of a shape nenory material is Ntinol,
which is an all oy conposed of nickel (54-60% and
.titaniun1 Smal | traces of chrone, cobalt; magnesi um
ron may-al so -be present. This all oy
%dlltl c phase transition for recoveri ngP(lEJﬁFZEZO‘%’“Z‘m
pernanent shape. Shape nenory materials may al so be
fornmed of shape nenory 121polyners, wherein the
shape-nenory effect is based on a glass transition or
palwmers ngvlpoigin tSgcksheaprenenyrt sty ner Hagey ba a
gﬁﬁ@guﬁﬁgniﬁkfdﬁwgrn%.ﬁ%l#gnéspginﬂalgﬁdﬁﬂéidyé memory

pBIPBP e IS I NERY Ramth o7 N Ry B¢ RRGA oL

oof cohbiyof tH-aeprodl aettemdp 1di hethag rsiitab lcomropedties h
FBbe%¥$pﬁ§r%l%&%peAh%%or9|nggﬁégqgl Ba'created of

bi or esor babl e materi al s e_use orn1n these
Oéﬁgﬁéﬂ n%%?‘irlapfdﬁﬂ’?é leSG@ﬁcéy%?B%l e‘f;ﬁ“ﬁﬁl‘é’rﬂde Wit
bbi:gltes@rjahqtﬂee. ﬂﬂise)r,l adliot@gmagabbs exaiplreshebable

m@?%%f&is é%d %%rn%ggﬁkhgs §g|§ﬂ%§§agﬁmory

egr ada na erials, suc I odegr

PPoYRAES s, Stalve BumdearRieh ar er 1p et anebiad lenmaterial

mRRYEbP| ogigslle GRNAI HoaRmerPi adegrathad| eesetagltihe
ﬁgrml p used if a material deconposes fromloss of
chifir cal properties due to, or within, a biologica
sy st Bhedggiradad b tmat est @k hal SUGr sakd afiegaasiabids my

pblyvhaeh, I RERE NbbREACHNh Uk | agetbfsgif&muﬂm This

ans tﬁat cut evice, whic bi ode, al be,
ofTga Tl ea  tat 20 ROt RS peb Pt TR Tara L i Term
utednsfoemagetiain detemposasyfsbapkoss afWQQQqulcal

p§Bﬁg§t1¥@aauéStaea8L wﬁkﬂlﬁesgesioiegﬁsgi tOR. an

rovid no additional quantifying data is
1§P@éﬂt Fsefﬁ%rPﬁﬁefPFmtéR@sd+%?n§h%n%o%%Ye%% F3ss of
rﬁmahannnahcprd@ﬁihgeshezaécpapbstuiamlyTBﬂstméﬁms that

abbﬁ‘éﬁ%gdégb&g&t@ﬁk% EEO?S!L Sé ﬁﬁ? %egra g%{so be

abé?yggLPeFﬁgﬁg?QPEEFﬁg ﬁ@g;gﬁyEYoiya%%ﬁ%ﬁaymgcf%%md%)
tehpbRergOEhespOndi agmenpelyFRESe . HYHAOl Y& ifeant with
resgégga£ ogegrgdgpgogd %Hgggerovidedrno additional
quantifyving data is given, is the time it takes for the
complete loss of mechanical properties.

A particularly suitable biocdegradable material
provides for the polymer composite to exhibit a
hydrolytically degradable polymer, in particular
poly{hydroxy carboxylic acids) or the corresponding
copolymers. Hydroljtic degradation has the advantage
that the rate at which degradation occurs is independent

0f the site of implantation since water is present

throughout the system.

However, making use of enzymatically degradable
polymefs 1s also conceivable in another embediment.
Feasible in particular is that the polymer composite
exhibit a biodegradable thermoplastic amorphous

polyurethane—-copolyester polymer network. Likewise
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30 that the rate at which degradation occurs is
i ndependent of the site of inplantation since water
is present throughout the system However, naking use

z tically degradable polyners is aI
wocz 21%9%1;& e in anot her enbodi nent. 35 Feasa,%IT‘{éEler?ﬁmzmﬁ

particular is that the polyner conposite exhibit a

bi odegr adabl e t her nopl ast ijg anor phous

pol yur et hane- copol yester pol ymer network. Likew se
rel@tl:teqm sfee the chemtpeh canredhpoditiontle Raeymer

cof %{gﬁe CP&TPO@&& ellfl‘@énﬁlhfe I @u@%ﬂ%@@ﬂdé NG figl\édki):lCEtHeS
a e ner site . exhj bi radabl e
PR} ¥R T © ‘H@?‘i%etr JIQ: aoiﬁl:fl ggafcfag% gsl%l ki ng
polymdt gmmts{oﬂc,dlcmtsamqm ﬁqr@m@étl@klﬁgvpﬁg opdbpmer

df? {485 AS M@&@bl%&%é&ﬁp@@ﬁ% 38
ccapro act one) di net hacr%/cLat e -butyl acryl ate

FRESH i CETGABIE APFEPRKT i S Theibe W%F t he
c@pmmmﬁd)mmmﬂMﬂmmﬂ bu¢ytatriyhgtdevsca is

cﬁgcgél‘?ali% aa']}%%:rgaoc V%‘_rllltér%'%od %"ogfst Qt Braldlng from

y as well as enzymatically degradabl e
wlp@)clw@pe chrperiies FaEtineg Bebledr haapprt poryHdr sth
i stah edoRbeyveimdyisls o Yy Crsieg iaddAtliyvorshagltthes

d t h th t
REYTRLEEh e e A R, CoBdpatat! 0.0 ?%%I ;
biodedratayire p@dﬁ@@ﬂrﬁr ahponataved yahyreat hydrglyeac

dQ%PQ&élfﬂﬂﬁma% Raky Hﬁb&n@éggﬁ\&l&dﬁ alts rdeer adatinarncan
us .occur through%gure
u

GRAFEIREF BRI PHETRAULBG REEBETORECoP | ATBLRE atocation-
Igonbhnatson lheakobnzfiypi @aicm@lpﬂabVerEh@m@%ly

5\9@9%{&{@&&%%9@ BBh Rt § Oapqr?»ééeeﬁaqfs,t la%g%hfamgn

evi ce are am ester or acet

R cHART SAECRAN-HEC Mo RIS t1HY Ie@p%%t St @%%C&&HY‘
ifegeadatéantid$ hos uracegldeyr aotett iomn; 1 dthet iy of ydi s
I p I el h
St FARL AR, LSBIEPLE g I o e
comapgere Ul &gt ico tiagf ﬁ@’t’é?et%]%ﬁ FHEepeeter Or »
aeétﬁiya:b&rasw tThioN k@ aRAERE T 8hn Héirsoter hdrnhs respeseeto

g%ﬁ%%%ﬁ%%u)e rgrg%goﬁgaﬁh¥ﬂr59§§gc§”5£gradatlon, the
hydrolysis of chemical bonds transpires exclusively at
the surface. Because of the hydrephobic character,
polymer degradation is faster than the water diffusion
within the material. This mechanism is seen especially
with poly(anhydrides) and poly(orthoesters). As relates
to the poly(hydroxy carboxylic acids) particularly
significant especially to the present invention, such
as poly(lactic acid) or poly(glyccl acid), the
corresponding copolymers respectively, polymer
degradation transpires throughout the entire volume.
The step which determines the rate here is the
hydrolytic fission of the bonds since water diffusion
in the somewhat hydrophilic polymer matrix occurs at a
relatively fast rate.Decisive for the use of
biodegradable polymers is that, on the one hand, they
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to the pol y(hydroxy carboxylic acids) particularly
significant especially to the present invention, such

- 30 as poly(lactic acid) or poly(glycol acid), the

correéggndlng copol yners respectively, polyne

The step which determines the rate here is the
hydrol ytic fission of the nds since water diffusion
35 in the sonewhat hydrophilic polynmer matrix occurs
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egrade at a controlled or variabl e speed and, on
tPﬁécother that the products of deconposition are
nontn%¢0coﬂhepﬁonfepblpﬁepomyﬁEflﬁnteesakptﬁeﬁrpéfeas
e b c L ng .t ugh
o ko HBEEPErS PanBrar of S oeart ( af o obmeeh S Body
C@VP%a?eoFeWﬁ@aﬁapﬁralmﬁé?ﬁbéﬂl§ﬁPmlﬁhPhE°@ﬁs%YoWaY Yot
tﬁuthaeara@vméeﬁbeilgmlyxﬁnehaegagsabfecﬁatyﬂgrdev1ces

t hat t t . th
oEehRLE: &R Qe praeRTe Cho huBRER Ea o Pt & A s o

-tBpécpbivtt inntohet b tb@o¢9mpbﬁt@|h@6%ov%r%hqhe

m@@hhﬁﬁcﬂa&bﬁgﬁw@ i Q’EE@E‘EQE&Q@oﬁf th@h@uxrésagptlon
devi ce and runnin

SR EnFREETontEE PRELBH: SEABCHBY! CEom BRI ERatHBE; OF
thapontamhgbdedégeadald eusphinigettihgolishcltassds cbmplete

e@95x35£§05r8%1%ﬁgcautkaggba%wqbgg of the inventive

ting device I's advantageously synthesized are;
poI VRS &1 (G L d TBBFY ¢R ach T OSEIABED o PY RERS EbF

cdgbeds ®OIpHI3mtardr ephutyiics, athd)brapalipgdof the
pﬁgﬁggyyggﬁgékgv%%ggkgl9& Qabxﬂ@T%QR%ﬁgaggggﬁgslggd
a§?htP@%XQﬁ%P#&mnﬁqﬁ&xﬁﬁquﬂﬁQ%%%ﬁlﬁsacsd&h BSlv{@tycol
aexanp! go1 gl Mmydratpeicyrak &@ba¢lcp@mych pol y(ami no
Bt P S o B Lo BRI, o <o
rsanﬁatyvei@Othym@rstapeby@hhrdsh@®% spmprgsized from
dicarboxylic acids, such as, for example, glutar, amber,
or sebacic acid, pecly{aminc acids), or polyamides, such
as, for example, poly{serine ester) or poly(aspartic
acid). 7

In summary, it can be stated that shape memory
properties play a significant role with respect to said
cutting devices, particularly in terms of minimally
invasive medicine. Biodegradable cutting devices having
shape memory properties are particularly effective in
this regard. For example, this type of degradable
cutting devic can be introduced intoc the bedy in
compressed {(temporary) form through a small incision
and once in place, then assume the memory shape
relevant to its application after being warmed by the
body temperature, as has been described above. The

cutting device will then degrade after a given interval

i on transpires throughout the ent|r3§I03VWW@6mm°
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properties play a significant role with respect to
"~ said cutting devices, particularly in terns of.
m nimally invasive medicine. Biodegradable cutting

havi ng shape nenory properties are pep/ppa006/062400
‘”Og‘“’?gﬁ arly effective in 30 this regard. E r

exanpl e, this type of degradable cutting devic can be
i ntroduced into the body iis conpressed (tenporary)
formthrough a small incision and once in-place, %mfn
ofistimm tiherebrodpistapeay afdantle r9ed tHbl1d kY
L 8F i bRl P Yahsed by. the 35 body tenperature as has
een descri be Qve. uttl e t hen .
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ei%ﬁﬁetsbFBdEﬁ?aHﬁﬁP@rﬁBF§ﬁeFa§8§nﬁﬁt f-20° Be™
teﬁbeehtuebyaﬁynbbdylZempbyaVarylngothehéﬁobhﬁoﬁétipé

téﬁ#@&h%ﬂ%Q'BaQ Bﬁ@&@a&%ﬁ&&'BGl?ﬁ@Q”Eé@meﬁBg the

ecul ar wel

f or ned ners |
bgf Sﬁi%ﬁﬁ%%%bxsy%ﬁ%e%%z‘i‘éd%% %ﬁ a‘ﬁgi q’&cﬂ”ﬁﬁ%&ﬁc
rSEQBEBhStheoﬁ Hhe ploh§we - sﬁimtmngcmqnnmﬁmsxhaﬂdsunar1
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esters ased on lactic ['ycol acid wth
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groups. The polymer switching elements thus customized

can then be integrated into physical or covalent

crosslinked polymer networks, yielding the selectively

composed biodegradable shape-memory polymer material.
In one possible embodiment, biodegradable

thermoplastic amorphous polyurethane copolyester
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16 pol yner networks having shape nenory properties
are used as the material for the cutting device.
First, suitable biodegradabl e star-shaped copol yester

““g@%%ﬁ%ﬁfare synt hesi zed here based on conng; nﬁ#&%mammf

e 5 dilactide (cyclic lactic acid
di gl yocolide (cyclic glycol acid diner) and
trinmethyl ol propane (functignality F = 3) or
pentaerythrit (F = 4) with glass transition
potymper atefrvesKsehawdng3ehape B TMHIPCatéeshare used

agreﬁélﬁiﬁ%¥idm el rCORREEGEBInd device. First, suitable

I e e e
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copo ester % ne Works in an a ueous OS hate
rBﬁPF@ 1&%&5nﬁ€s ﬁtV%?Pylﬁt 3atdover
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g yur et hane copo yeste ol ynmer
bﬁe@ﬂé@k@eﬁa@gné6§ﬁab% PrefoE PP BPEY t FerPeanceling
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Sim lar blode r adab] | ast | YnR9L yyer
dﬁ%?ﬁﬂ?gssggﬁ be mor %gl r%ﬁ1c%gégﬁggkﬂﬁﬂg%fho?+g%ﬁer
cdearéymh@qharusgdyéﬁat@f pheehinaby Ael expgnsion of

rLBRPeHaL Ube8890 Mpa. Upon subsequent reheating to
70°C, the examples of deformed specimens thereby
produced retransform back into the permanent shape after
approximately 300 seconds. What was ultimately shown, was
that polyurethane copolyester polymer networks in an
aqueous phosphate buffer decomposed fully at 37°C over
a period of between approximately 80 and 150 days. By
optimizing the composition of the biodegradable
switching segments, degradable polyurethane copolyester
polymer networks having shape memory properties can be
produced substantially faster, e.g. within 14 days.
Similar biodegradable elastic shape memory polymer
networks can be yielded from crosslinking of oligomer

diecls with diisocyanate, which have melting temperatures
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17 between 38 and 85C and which are |ikew se suitable
for the cutting device. Degradabl eness was al so
ultimately assessed, whereby for these polynmers in an
0%ﬁueous phosphate buffer at 37 C, a 50% | oss_ of nmss
WOMG2EEh 5 after approxi mately 250 days. PCTERRQPo@pza00
enbodi nent of the cutting device, the braiding is
formed from a bi odegradabl,e; shape nmenory pol ymer on
coval ent networ ks based on
betwgart Es&pamd &1 thaerd] nétilvdc mydeatle kemd sbusyliaebye ater
chd g@ﬁ‘t%@%@%é@?%é&@dﬁﬂ% Nad Efﬂs%nh%'iﬁﬁtelﬁ
thi s pol yfrer conposit’e has no negative iInpacts.on the
LEBERTC Re aV RRECPY obRE sthetR (R MEL S RE \%B:Brageﬁ?%at ed
physphet e thififg devdte®ony herds ildsr afseasst wssugecen

at .event n signals to be transmtted.
a#ﬁ%rsﬁ%%lﬁa%ygg su?%ggi'ode radabl e shape nenory
pol ykerane gnies] st rczﬁntrheblﬂtsqteiléwldﬁt‘fé%i e
bb@gaiéﬁg 0f t1bend @VWEHIRSS B1EdSH ad b I & ngredmt Uﬁe&ndcﬁfy
0 used as a

-55 r pure. poly(nbutylacrylate)., .
pgiﬁrﬁ%ﬁto?’ 05?5?15@%%%%%%% ks ?C\E/\o% Osylrﬁiggsi s ensues
caprolght pho) dbod yinee T v tomndGaedy e tha ol at fess
Ofnt BEe FBCH QDL @CM @fent implantation, this polymer

ol i go( E- caprol act onegdl nmet hacryl ate d the go]gt eft
CERPESHEROREF RO LUEGRALYSI SFRSCLAeOBFREhrRgnd edling
pteopes at Therafor¢ hetine chamdz| c proped thestlof aba 28
d?ﬁ%?%eﬂé nﬁé¥9r¥n€?ﬂab§c§P”€f§%ﬁ§g-tﬂg%ﬁhaﬁmbfg%ent

ment ation of e manufacturing of a cutting
ugEeEed| Rilgne bbbl AR ntraRFRL Hetdr "R SHtharls of
sOth go{ kde g apd b et enep€li mEhdeg ryd bee varcas Heteen

0_ang I t - yl ac content

Rt L L Rt
tpanyhetonet EPRTPEYEE oh 0% XE uF@r L EheLP BN
bRl egElkfla 0t Qofdm BaphstACioHNe) shgméacfytmiegy at 11

% b&%n@ss) of nbutylacrylate, a. nelting point of
¢ St ealized. The bi odegr adabl e coval ent and

phy sietopol symerh@s metmwords, tieplHy shape nenory
pﬁ&ﬁ@ﬁél?ﬁeﬁf;@&fi@ﬁd BRONE, oS aPhdl BO10E Hsed @8 the

matri x_tor_a controlled active subsctiancehrel ease. Ye&
'm%FgﬁmQ%ﬁﬁg%%ﬁb?%l%B&FHC%%KO act Imethacrylate an

the content of comonomer n-butylactylate, the switching

one)

temperature and the mechanical properties of the
covalent network can be controlled. Thus, in an
implementation of the manufacturing of a cutting device
in an embodiment, the molar mass of the oligo{e-
caprolactone)dimethacrylate varies between 2000 and
10000 g/mol and the n-butylacrylate content between 11
and 90 % (by mass). In the case of.a polymer network
based on a mixture o6f the low molecular oligo(e—
caprolactone)dimethacrylate at 11 % (by mass) of n-
butylacrylate, a. melting peint of 25°C was realized.
The biodegradable covalent and physical polymer
networks, having shape memory effect as described
above, can also be used as a matrix for a controlled

active substance release. Yet also coneeivable would be
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18 bi odegr adabl e pol yuret hane mul ti bl ock copol yners
havi ng shape nenory effect based on pol y(p-di oxanone)
and trinet hyl hexa- net hyl ene dii socyanate as the

di | anate. 5The conbination wth the

soc
WO %l‘:tl d-co-glycolid) or poly(E-caprol acchﬁnép)zooﬁmﬁuoo
swi tching segnents yields nultiblock copol yners

having a switching tenperaigire of 37 or 42C,
respectively. The hydrol ytic degrading of the .
bpotiggeadalshoveo 1 yratet hven g ghyinteids! dsds epped ymers having

sRAp¥( Eeﬁai?&%@%e@eba%%dd edr i R9patiiaxkasse) hake.
Inatr]al f gwg ca rolactonqéggolyners
thmgébg%?GF%ém?ﬁhY aie nasss a%ﬁ??la$ nt after
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det ect ab ter onl ) can
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| t bilit t h
BRELET TN, RN T irer 3 (e s Odnar AboviP i1l (ifse wes
ssﬂllcﬁweqpnuﬂqﬁﬂaﬂIZﬁé dagswef | hydralksisamdide pol Yher

0 ' 4%l ihics-Fespscian yheanti ea ebapes
Cgiglg g?gfﬂe% %r%ft(l oneéhb:cg 5 § gi)(#d) gﬁ)lr adabl e

wgpi dektfrmhin S erape! ﬁeﬁﬂ - as material for
t he Twtddm@pedadictained th%enbid»régnﬂdaim@ dbepeengmory-
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i e cuttin evice W | start to elute
ofupByanee Oq'h%%%a%%§t%\1?1%%% BERAIARIL B HEtworks,
h&ﬁiﬁ@iBioﬁ@@iadﬁ@l@uﬁ&lf@bﬂewégmﬂnﬁsIﬁﬂkﬂ&ﬁtldélyiua

uttln eyi mer, the
1Y G EEnbBhefiE R Fouf PR Pelif
pgnmem%sfqm@aqlhée@@@prch@ed@wkjecam@rue@%aeas the

mechanical properties, the deformability, the phase
transition temperatures and, above all, the switching
temperature, as well as the rate of polymer
decomposition. _

In this respect the invention claims all afore-
mentioned biologically degradable (biodegradable) shape
memory polymers as material for the cutting device.

When the cutting device is degraded in a biclogical
environment, such as in a human body, the cutting
device will start to elute substances. These substances
are parts of the material that the cutting device is
made of. If the cutting device for example is made of a
polymer, the cutting device will start to release
organic substances when the cutting device 1s degraded
in a biological environment, such as a human body. This
release may affect the function mechanisms of

electrocardial signal transmission, since these
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35 in a biological environment, such as a human body.
This rel ease may affect the function nechani snms of *
el ectrocardi al signal transnission, since these 19

el ' mechani sns are based on phyS|oche
“mﬁﬁgﬁééggn effects ca ?k%&&mpamn«m

usi ng change of pH, changée o
organi ¢ concentrations, and/or change of ionic
concentrations, . which physkpchenical di f f usi on
effects 5 may be affected by the substances rel eased

fayct hen cur chanl deviare Wiaed ke Pbysicghedirad is
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ceél epembravenfifct en rf@liéé@ a%fezﬁtqsiarbdoﬁdr:&ﬁfﬂa@ &Rd

§ésur@yn¢ %i@@mmrm%m@ﬂd@ fafaeh fetiact i on.

Thl e i.eved changin
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cepeemtrati@Mﬁtmamsxeswbm s e lRticy  Rdesdse iof

rgﬁﬁ%bﬁ 4P 8Ghd, any HEB&J‘%ffBﬁHHﬂfhIﬁﬁé3ﬁic1n1ty of
ating effect on . ¥ | ead to neratlve

theeets BHPFR Rt n%rcﬁ LN, ST Es “Phe
c8ybcasdb aene€ ef hiscahoit orwipas t syveptt cearemy aedasAldso
£BGhaBE 9151:{%&@' 4b&i bl O&kggfe?ﬂ;c?égf% ! JRd S d Al Dulhic

ease |1 ons hese 1 ons exa | ect
rayeeardi avetel f %%%l@?%%as%Ub%‘%g ¢ g2d in
whteaNdhay. ﬁ@fp@@ﬁ@@tmaﬁbﬁme Eiss g sslh Grrtd mmwcxmolnong

erm cha S ﬁ%ﬁ%ﬁ
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Ca. This may lead to degenerative effects on the

ndhi 6 SHRSLANE AN Ale. RAARANInSY A deiselnibky cab sal d
e ce

membrane of muscle cells, such as the myocardlac cells
and/or postsynaptic membranes. Also ceramic or metallic
biodegradable materials may release ions. These ions
may for example affect myocardial cell activity, such
as through increase in Li and/or Mg concentrations
causing short and/or long term changes in electrical
signal transmission. According to an article of Fleed
and Ferrans, it has been shown that especially Li, Mg,
Ni, Co, and V may have these effects.

The release of substances from the cutting device

itself may be combined, which combination affects
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20 nyocardi al signal propagation, may be used as a
.synergetic effect when treating atrial fibrillation.
The effect of the cutting device may therefore be
enhanced by achieving a nore i medi ate effect than

WIS he cut ting acti on. A change i gp62400

‘result in an increase of |ocal inflammuation in
nyocardial muscl e tissue. Fast resorbing polyners,
such as- poly(glycolic) acid, may have this effect on -
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rEMQEQJ)ﬁ{Séﬁe 1SH6h a5 o) yeel teseﬂ@ &F Rejdiapsiexalic

Resor babl e ¢l asses era since are
CHRPE T o ST g g The qas AT i FBEkEas
hiighsr caosss tregl Itine pidmopod fmnge fowardsicl Kaleiyc are made

o NVEL QAR o VDSeH &% ?B*i Eﬁscgf@'ﬂa‘&f&{e@'c% r599rPskd
based on hydr oxyapat i E%osp hat e sal

CRPBL PG EDat 1 1S STHCGATRERE ERbF %%qe%llrﬁ t&ike%}l ew a
ahuﬁﬁeagean$1smmtmbencaﬁpmeedettmw&mﬁnaﬂmqﬁuam @tll

g{l {:CI n?ﬁ}%det%i area o\ﬁn | a?hig'gsg?e p%ﬁ QI T %ielaeof

e| n e Sscope O resent ntll on th to
SERE| t;assee)e reislgr BamreaeﬁsFEﬁw HF FeC emﬁ/drﬁ%leé:leﬂ gépaal
t@anHaseson .The rteilea&esge(:kn@woﬁm a_rg:e@sa_s;ueh as a

or |ons re.the.sa |ISﬁ] and the v
rﬁgﬁq?OXIC E% ghg Eo fmgeas q& 86 and

our I?ead KNOWH. n1g
aédeenydgwus moﬁm@rSt @yabhdevéyemn rERse oflycodat

abhl @At iodpd rb;smqeara@hal AUSSHeaPR: tdi1ssRs bhRe
cutting device ctured of such polyners
G ERTie SR Ao S AR boET BT 1144 S g2 Rey “be
designed to release ions cau31ng the pH Lo change towards
alkalic environment. Most resorbable ceramics are
composed based on hydroxyapatite {(Ca-phosphate salts).
Hydroxyapathite is from the chemical point of view a
buffer Which'can be compeosed towards alkalic or acidic
behaviocur. It will also be possible, while being inside
the scope of the present inventiocn to to fill a
resorbable system with anhydrides of acids or bases. The
release of known substances, such as monomers or ions,
where the safe metabolism, and the non toxic behaviour,
is already known, might be advantageous. Thus, to achieve
an increase of local inflammation in myocardial muscle
tissue, the cutting device may be manufactured of such

pelymers, with these advantages and possibilities.
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In this way, the cutting device 26 nmay be designed
such that it will be degraded or. absorbed by the body
-after it has perforned its change of shape. For

exa a polylactic acid polynmer and/or a
WO&B?@%W&OI ic acid 5 pol ynmer, poly(e-caprol a}'@tTBWé')“"B?Z“"“

pol ydi oxanone, according to above, .may be used for
form ng a shape nenory polyner that is bi odegradabl.e.
A special feature of the resorbabl e shape nenory

pol yner $Hi%s whgt, theseuwting diseapped fugnbéhdesigsi
sBLA Cn 12N G H30pL! BebPOGla Ul M doit 100 RO BGky

negati-ve of otherw se remal ni ng yner o)

| afFef ndt hast @erdrsmeduihs a83RIT Sfatihans - aﬁard%%%f@%l%ro .

ao}_bcbf_ﬁfla&djl@,c%&tldt p&&yﬁér hhdkeod ﬁgmly@egapmagummd
eat - ves: e aorta t ev

okt Bl G PR BORCITe 1 e bk RERge bEfafding
tperpeirontmaghpe ised ShowrCTLIR gs shape HGREVErPoiyeeT
tBhepss mr@ae\grmb@e ugegpé@iaprﬂd@gﬂﬂi@ biEetagtting

deV|c et ween an f%? ngﬁgfangleg of fhapes
r?’ﬁ%’f aP&aglFmﬁ’B S YUddrrar TAPESr it
dexa;maéaa: diroluithe, tspsual aStepedyvicwr kasicisw Shapedon,
18tk 20 %Jzﬁb%%%laqamesgtweféff@étsb%fa&)rtﬁ@%@_sén a

speci f1 ¢ area, such’as_ in_the heart Thbs ge0|f|c
PR ing Bod YRESr Oy EHRORM T iihor SEPeftri cl e.
p&tfetatpiczisuaingg daabdet tesochar aljeaxenandisabsequehkdy

B %f)t I&eqsrrgﬁ%?ogt %!ﬂang EXECE ?é:&ﬁ g:ﬁ% ttﬂet bhg-pht ai ned

exanpl e per orm 25 't he adaptation of

t he Bt ﬁ%l@evri@@lcqfh%G ShEp O ftumd acut i RgtBettte
t3bpdiarty ShalpeStnsl ate permsieder ad:ia;pe;;orma@hotm in Figs

f cilitate in. ertion_of the 2 h
_% l%/oasmﬁ TAr Z’ Vst 5elrrPeTﬁemor %ﬁ?{)lﬁ% %%r ErEH{;QHcg
thei ¢uliliag IPevigehéb bhapesn mcﬁ&bﬁmﬂ@ t@omﬁo%amnch?s

obes%délsttha%s atdl babheasFuidhednt ke Shapalat EB@ for
ts, second state i S desi

cuté]i rg%lfl |ce 26 _i.n gned_ 4
XM G Teh&RGE2t SRARDY WFT1X fiGiaghapeds
spewmﬂr&ﬁapnedotosﬁe¢lbrcbheaxtanqgﬁnm;|anS@BGeﬁlpoarear

59&19% %p%%ah'eg&tof THBQ%%&@?ff& eGltdd %I t%legﬂélﬁt may
t he shape of cut devi ¢

b%e%%r%F%ﬁ%ﬂt?rhﬁyvﬁétﬁafﬁgteﬁl B R%gaqﬁ}nﬁhéa&BtF?ﬁﬁue
odext€ee, 2 d Gubkeqiestilgdapostinpnchs tdutt inke dbeidlye

according to the obtained picture may for example perform
the adaptation of the cutting device. The shape of the
cutting device 26 in its first state is preferably '
compact to facilitate insertion of the cutting device 26
through the vascular system. Thus, a tubular shape is
suitable, but other shapes, according to above, may be
just as suitable. Further, the shape of the cutting
device 26 in its second state is designed such that the
change of shape will provide penetration of specific
heart tissue in order to block propagation of undesired
electrical signals. Also, the shape of the cutting device
26 in its second state may be adjusted for fixing the
cutting device 26 to 1ts desired position within the
beody.
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22 The cutting device 26 may be constructed of
a net; i.e. its shape may conprise nmeshes or | oops.
This inplies that a solid surface need not penetrate
ti ssue, whereby the penetration through tissue and
WO RS ng of 5 different shapes of the cuPETRERI06/062400
~ device 26 will be facilitated. The edges of the
- cutting device 26 facing the tissue to be penetrated
may be nade especially-sharp to increase its
ef f eChé venesisyg ageiildeutor abgdbé nedh gt ridke-edArdt henet®
.83l UEE Litadd w%ogg}qs%uhgeﬁs L ouey fspd el alg1LEs

penetrated I NnCcrease 't
té‘ﬁfteét setidromiige trwedt ROEKBRTABT I tHeS WA "BPTERE

" thespehetfatdic ItHﬂtﬂ;gdewleeues ahﬂSE]ﬁé efbratxayplres of.

h IS, &L & CI sporin ferol 64 C|n
d?g%?g %ﬁu%ha%ﬁ ohol éié) ﬁgFﬁPgr de y g?ha dehyde
ﬁéﬁélbteﬁeeiytlc enzynes l'i ke collagenase Col | agenase

i's e@ﬁetca.;dg@s IJE bﬂ@leueelﬁ Wﬂe{riééu._% f@%llci&t@pe%altwsue
rrn |.CU

<L BBt Papelrdlitg My de' Badhy EribtRal b vRte o iRgrease
igat efhgodbwes 26 asl til lusitiragedase Moxd df20 Another

reathireul ariy SRR8J e e FRLACESRa s p&ﬂaettrl%ts'uﬁg to be
tissue. %he dr%gglare attached to he surface of

Peaetrage % &GP A QCFeaﬁ\%lT K ot et ﬁéé?%f or
pabhabhtrmpeﬂunﬁcnsmam@dm&athdewaEeSofGM&asmmmeaeuhod

Wh§cﬁnpﬁgdd§ﬁ% Li%; :Ln%te tgﬁ U%Q& pi@é’ecfﬁ Sq{]élf(alrl"f-e

whi ch cover t sur cour se,
ChEYOBRCTsRd. b ifiqTayy ra@r’i@gelﬁr e%?ﬁ?lrﬂgmtsnr eriH@e§Pé ’
gdndaiactdeasidg ﬂd’rrrgﬂ@féh@rdef eﬂdopfkﬁé&écw'%ﬂlfthteh&ymes

0 t enet on. of .t ing
lggglégfééggna e a?g%_ easg ?hégié |ﬁbj‘e$F€8k§8g
dgwe ht 89 T mIQﬁP@eﬂlelléY Eatioi hel i s oltiigh3d s
oEBéi:?:[se &[ﬁﬂmrﬂ o @g&@t{tﬁtéﬁrgﬁfk&&t xdaeSImett ¢ihg the -

at _ar nma e.a e 0] e cuttin
shate L e eV SIAY SRIjecars Bigh ot & HRyLd
psotatelarly SPee@l e tﬁlleepmcesﬁgcﬂmrmrad:a@gd itAgstie.

ThBedPAES ette |4PQIHHLN t'os tRBNLhagt &k eg afhea qucting
dabl e naterla Lt. 35 1s also:£033|

bi pde
APREES o S Ay Lo UEh LEE OB RS A BTe @ TABGIenS
dhes bi o degiiaddbldevigier.i @8he Fhol,mashddiels embedding

dP{J Qeﬁﬁ@cﬁ‘%}! Fﬁnﬁgtre ri;?ergegFa? §y1’n@r§ %ﬁ c%@ler %ﬁe

enV|ronnent IS e ed” cont’i nuous I'n_one
SBRPBCR mett &P ez Pprthatst3Rnibeyaes- ﬁayllﬂaérlyr
drﬁgegpsﬁtﬁhmgs lteﬁ:’bﬁ'lbbﬁ ishanbi degsaddal) @ nvatrewi-al of
| h gy, 1
gr UG é;[l?‘?ﬁ ori(lgg o a?x‘ég@?%l& f ?g?%%c%)é ailter %e?ne%gfgt?on
ofi ther@mtm vatced i2fbf élﬁe’nbepet’ﬁ%%heei ttq e cHtSEpg|

danotders eniedi rBERgsa weiii@, bl edg Pl @ dH i@ drbgsh
%e L nt ergH ﬂeparQ%m%ﬁ§%95£¥hEQ puegsbI esﬁ;ne‘glaQI etreat
arrhythmlas may be attached to the cutting device
surface. Such drugs are e.g. amiodarone and sotalol.
Since the cutting device according to the present
invention is manufactured of a biodegradable materizl, it
is also possible teo integrate the drug, such as those
mentioned above, in the biodegradable material. Thus, as

the bicdegradable material degrades in a biclogical
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"It is of course possible to have a drug, or 10

plurality of drugs, integrated in the biodegradable
mat erial of the cutting device, and al so coat the
surface of the cutting device with a coatin

a
WORNYI22H plurality of drugs. This kind of c‘%éi‘i"?l’r%ﬁ”‘sﬂ’ﬁ%i“m

cover the whole cutting device or only a part of the
cutting 15 device, such as,q cutting edge. In stil
anot her enbodi ment the cutting device conprising a
edvilgonmenta, pihe alrugy ief edntgd, cost toafied wi Th ane
I t I | y 4k ug.or
o B BT Ty oo T 18 B
' lﬁsﬁafawdz%ﬁ tsibf?@tﬁoﬂnt ﬁéeebami%%rfb@a%]ﬁ dedeggadr This.
efibd@smerThi Srpoidas tmhet pEesYbilibe ﬁceg:uhﬂ:teed!_ AByug

‘ﬁ%ﬂ{ %ﬁé‘&é B Cck fe%:%hfscocﬁ né%h ﬁ%‘%‘i:gh{! 88ugs

Fugs. € cba een
at:hélﬁﬁ@éwialpcclm’ﬁSauoﬁu ﬁgmﬁhelar%lblc émqrg@rwerﬂbo gment
auaeeggr@fi,a qﬂd;r%m_%@ desartifss 2be MBiRIgraltelds

bi ode ble t terial w!l start. to degrade with
A AR S S LT e S el Lt
may f’orlfe)@a‘i‘rpioelrb@ possiible to hiatmager ai‘relgl.norhe
p@HE&lﬂQ¥ d%%ﬁ%“ AL U ra%@acbn'Ehé“B;d&éd%&dﬁBhbagen
aﬁﬂ% whi'l e gnot dr ug y be included to gct
mghesER Rl G | Gl e"lcﬁr e‘?lé §P 97 YhEi gurbRcee
oIEhEhe utbttighgelevdee2@iichser tedtimg oofa ebldowd, vessel

]dPtg%'&‘f CAACT kNt R leoegaéﬂ%e@my R3l,de the

ssel uch i nside surface of cutting
WE@%‘F c‘éu‘?‘ﬁl%)ﬁeé@c\ﬁe Pr BBl¥o%ePebt ik H-1gs Cuttmg
daﬁitéhrm&mta§ adrcaugsinuebgdt ugs woul d be e.g.

Hepag i n ﬁlo% %%%e%' BEB%ﬁgS‘{'E‘h alanid gige

Abci Xi ma rof s al SO possi b
CPmPégas:arn% g Hb@éf dedgd prurphitechi ofradablreated

wireh es | B oddyddeidicl fhiakert avayst desetd hahp@havedrug or
drugs. Thus, it will be possible to regulate the point of
time for the elution of said drug or drugs. This peint of
time will be regulated by varying the thickness of the
coating not containing any drug or drugs. When the
coating has been degraded the material containing the
drug or drugs will be uncovered, and since also this
material is biodegradable the material will start to
degrade with accompanying elution of said drug or drugs.

It may for example be possible to integrate in the
cutting device one drug, which is active on collagen or
elastin, while another drug may be included to act on
muscle tissue.

Preferably, the inside of the cutting device 26
inserted into a blood wessel will be in contact with the
blood stream inside .the blood wessel. Such inside surface -
of the cutting device 26 may‘és well be covered with
antithrombotic drugs. Such drugs wounld be e.g. Heparin,
Klopidogrel, Enoxaparin, Ticlopidin, Abciximab, and

Tirofiban. It is also possible to integrate these drugs
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Anot her way to increase the effectiveness of the
cutting device 26 is to attach a netallic part of the
5 cutting device 26 to electrical currency, which

rovide a heating of the cutting devi
“©¥ﬁ§¥%6§ tissue may also be killed by thlslﬁggﬁg%@@ﬂ“m

enhancing the effect of the cutting device 26.
Further, the force driving4he change of shape will
al so be increased, 10 speedi ng up the shape change of
in hehe ltiddeyrdeizicde. materiabridovidre ddtfHeredésigns
AP AL LrH Rl .1 Ssue cutting devices may be chosen

according to patient s ecific Such des
par al‘rf’é?tté‘rgeéf ¥ F£6r 1PRE Pare R eﬁeﬁﬁnﬁk’ﬁ@%gs SELEL

- colising bietvicr, 260neetb|antgmhmﬁsmeﬂaiimsnpﬁgtlsf the

&%gg@%t&éﬁﬁ%%bz%s Bogkéctfiéi k&&%fﬁ%Hﬁ OR%ilh wounld

teristics, materia oi ce, |nplenmentation of
PEPYiARE iNFEy Ngeofi SRS, CRERITY %%@10@1 28 & i}FF? Ry
tﬂ@ﬁméﬂmafﬂalsoaﬁedEimlebeﬂyIthE)hﬁﬂtﬂn@g pahenting the
eePg' | o 2:81%5 %]%@eﬂ”s&w f14 e DRAIe cARPLREANT as
her are |ncorporated
dlbyvx@’ éﬂ@w@@aﬁ?éﬁepﬁ ﬁhaPﬁerJerﬁ]tSrCé%%? increased,

& Mpfderohes @mp@omahgal o fISEse quﬂﬁiagp Hesent.
I nvi‘{[m on are

h
ARG LEOF QPR Ph PRI 58 FAgLhm Cutting
develed atiiagh bey sheserooapepsithey to Paﬁuﬁyérﬁpﬁglﬁlﬁlssue

afdtdhng AR CRslignaphCOROL&FY &) Ifeal Yinshapeet Ripagh
t he vascular %%Ft eminto a body vessel ag%gﬁent to

PRl Fﬂ‘é“%%‘éjr B BHAHSin apEndf
elémemt$suﬂﬂcumthngkdevbmetablennéﬁrinnajamenporary

ﬁgﬁ&é%qﬁgeegbﬂeéﬁa§X9ﬁ8g§9 Qﬁhhﬁﬁk%QaQE@Heofodﬁug

urt er expand shape, extending at |east beyond a
d%lcmé@rié LﬁerCaté@n@fr §é¥“éln9| de#kI™ t Mer@thFing actipgat ?‘h‘@
a€udd s g ket 1ien coepkngtiingdpdoenic pp Ngatdicdshear t

cgﬁé&fjleerﬁcwyl QLIi l%%' g)yb ggéﬁe V&ﬁﬁfi c:allig1 £ @fcesent

application, which hereby are incorporated by reference

herein in their entirety.
Hereinafter, some potential uses of the present
invention are described:
| A method for treatment of disorders in the heart
rhythm regulation system comprising
inserting a tissue cutting device in a temporary
delivery shape through the wvascular system into a body
vessel adjacent to the heart and/or into the heart;
changing shape of the tissue cutting device, from

said temporary delivery shape via an expanded delivered

- shape to a further expanded shape, extending at least

beyond an outer surface of said tissue, the;eby

creating cutting action configured for cutting said
heart tissue and/or said body vessel, thereby
reducing undesired signal transmission in a heart

tissue by isolating ectopic sites thereof by cutting said
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35reduci ng undesired signal transm ssion in a heart
tissue by isolating ectopic sites thereof by cutting
said 25 tissue by neans of the tissue cutti ng deV| ce
confi. ured t herefore, and bi odegr adi n

WQ%“Q@ %%dutting device during or after said pqq@szmo
shape of the tissue cutting device from said expanded
del i vered shape to said fugf her expanded shape.
The nethod according to the above, said nethod

téompei By nppdms erfl ithg aisbssueutting nipwee centfhyough

thggey?fé‘,ulag{d systemto a desired positi on in a body
vessel, 10 and providing a change of shape of the

ti ss%o%‘%ﬂa}q%@lgdé%ecéléﬁ%aﬁ”atw rd&'}’ 156s idFFéﬁgt B*
a}ﬁEéEt:ﬁaﬁd} dreardi g S&a@eadjfatﬁdélttmmb ady: inesdelrice

flfg{ﬁt | déic\}aa% “cférc{j'd%%ﬁrgfcgg%ﬁ arldsgh@th' pSue

e IS | nser a desire p03|t|on|n
et{ﬁémi c%i”ﬁi??&ry sinus, in any of the pul nonary veins,
i n t'hlee awﬂfdcprac\ceﬁamgvao the taerdd)f eyEiiar meenadcava,
“Bapket BE P “Shse8et e AR U, eppover TE
vaﬁselﬂ ey Sest Her at desaeedupes Hylafevirca ﬂo@demmaheelof

ahfep2O-desid ed JRsigtl @@Sshape ofjﬁH%'H¥§§%é aeeerding
to above t her. co

fu ng inserti
SEREER b it A6 RER LB IR HES RASITH todrpF bt issue
adfhecert hodi ddechydivegsed . above, further conprl sing 25

rest gl Qﬁé’c@motcf‘%ctdoﬁﬁﬁgc%t éﬂ&v@e%&}fé%él% 2B 1lNEeELLON

shape during the Inser of the tissue cutting
CBEW%% device If,dnserhsd éEE%r%Il ‘i‘ﬁfjt%dalﬁ’é\?étlﬁ/ﬁeil%l e
cbhens egtdiaiud ,Ng rC @R bSeshkepplmehdhe Wdissye iautheng

sgg%%ggrkﬂﬁid%a%aﬁuq% tﬁgTEngP$&9QM§&P%%%I goEoin the
left or right atrial appendage.

The method according to above, further comprising
inserting another tissue cutfing device to another of the
desired positions.

The method accerding to above, further comprising
inserting a tissue cutlling device into each of the
desired positions.

The method according to above, further comprising
restraining the tissue cutting device in an insertion
shape during the inserting of the tissue cutting device.

The method according to above, wherein the
restraining comprises keeping the tissue cutting device
inside a tube.

The method according to above, wherein the
restraining comprises cooling the tissue cutting device.

The method agcording to above, further comprising
releasingAa restrain on the tissue cutting device when it
has been inserted into the desireq position for allowing
said change of the shape of the tissue cutting device.

The method according to above, wherein said

biodegrading the tissue cutting device comprises




- restraining conprises cooling the tissue cutting
devi ce. The met hod accordi ng to above, further
conprising releasing a restrain on the tissue cutting

W g b?% when it has been inserted into the desir
358H for allowing 35 said change of thePgﬂgE@m@pmmo

the tissue cutting device. The met hod accordi ng
to above, wherein said biogdggrading the tissue
cutting device conprises 26 hydrolytically or
hadzpitical ly. e @redaditigaddiyddepssdeding tdaigl dewvisce.
Chktggguhgvygeenpha3|zed that the preferred
enbod |nents descri bed herein_is in no way lln]tln%p
€

and thaPP8ulRe Felatarege tBAb ot frert et e h 5TEPbiLE
maint-li detbeilsedpedfimpriat det nonwdef 1 etk ing tdhel that

n@xﬂ eﬁgﬁgaﬁé@i\'r@ em]:%)?dl(r\d'e'%g are oss 1éA Jléﬁlﬁe the

tin evice.contjgured to Cré eS|ons to reduce
“_Sﬁﬁﬁésp eBr et efifal ot rdaisimicss ban tha %PE@*Q%#tC%ﬁ¥@§ue in
order to treat arrhythmia, such as atria
fibrillation, wherein the device is structured and
arranged to be inserted in a tenporary tubul ar
del i very shape through the vascul ar systeminto a
body vessel adjacent to the



10 heart and/or into the heart and to be subsequently
subjected to a change of shape, fromsaid tenporary
tubul ar delivery shape via an expanded delivered

shape to a further expanded shgye, extendi ng at | east
beyond an outer surface of said tissue, in order to
create cutting 15 action configured for cutting said
heart tissue and/or said body vessel in order to
create wounds that heal into@2IM& tissue that
prevents said undesired signal transm ssion, wherein
said tissue cutting device is constructed of 20 a net
or braiding® 'sEinet ior a‘f%ﬁjncge LB Lo create
bi odegt agablt € raterd ainddal redmpirdrses atah@asisone in a

subst ance,. such that_said tissue cutf.in evi ce | .
500%?%51% e%l?%u%ejg? ade ¢ urﬁ”%g&geraetaf ];e}rﬂ%%?rgl%hasﬁbél}ﬁgas atrial

shapebofltdeienssue cutting device from said expanded
del i ver gg, 25 Shapg. t.sald furdhercxpandads shabfged to be

and erein said tissue cuttlg%%dQV|ce I S
adapt TR e righ easteepordast el FU R B Y rdmRRi g rough

CUt 11 Qv Lhevh Ty dél%éstf@n saiith degiAdaty kel Na@iede® to the
naﬂger t hat fayd. |oqggr dabl e nqLerl I |ﬂ?use €1

10gy 16t | BHHGF eHREM OOt HERHT FRUCTT M AT TRRPtLY
sai shs-pd eask 0f satlbafe | @asthamne, stibst ancsd temporary
2. The. tiss C in evice accordi j
et D L R T e P SRR shape to
bi or esoridabt ee@mamig@rilaipe, 27 ending 3t Theadt dxaond an

cut i Ng- dseaf%&ec@%prgém t0s A, Preceidd ¢hatfMate cutting

wherel n sai d bl odegradable material is a 5

15pi crielgy Rl dbtel WP ARk Tom e iSai e stibd aifeart sthsyeagd/or
ones S PasthPy SHhsE@NCcen Mheseith Satdhid ssblenCUtiag heal into

devi [ onf | d t _ t.to. t
ARG O TR o b gt AR het S 4T SR cind?

devi e el g @legr aded i n a bi ol ogi cal environnent.
28 wh\‘/‘%reTi'}le ééf&ﬁ%ﬂé | 0 OeV] GRACEOTAI NG LA ructed of
claim 3, erein said tissue cuttihg device i1s
20cond inplr egr tlorafdioed, edaicd rodargli raigad comprising a
L QNSIASHHQhibYe SAlck Afal 688t QRGuOF AN CaSURSIANCGShe
rel eased by the tissue , ) : : .
substance, such that said tissue cutting device is
configured to dégrade during or after said changing shape
of the tissue cutting device from said expanded delivered
25 shape to saild further expanded shape, and
wherein said ftissus cutting device is adapted to
release at least one substance from said cutting device
during said degradation, in such a manner that said
bicdegradable material, in use, synergetically enhances
30 said cutting action by said release of said at least one

substance.

2. The tissue cutting device according to claim 1,
wherein said biodegradable material is a bioresorbable

35 material.



5 cutting device when the tissue cutting device in
use i s degraded. 5. The tissue cutting device
according to claim4, wherein said at | east one
organi c substance in use of the 10 tissue cutting
devi ce rel eased from sai d bi odegradabl e pol ynmer cause
an inflammtion in said heart tissue to provide said
enhanced cutting action. 6. The tissue cutting
devi ce according to claim5, 15/&herein said at | east
one organi c substance rel eased by the tissue cutting

device when the tissue cutting device in use is
degr aded® prid\A de' SBéh &g 4 W plgViSiRe R ARt ai© any

I nf @H@iir@ d1n iRy,0Gadicaln misicd Ebltdcﬁﬁ}t%daﬂale material is a

7. The_tissue ,cut deV|c
5 %é%gﬁ%ugﬁ%¥Wﬁ AHer et §3% gedﬁaﬁgbﬁeaSt
polmror@améastbs%ncbl,ngrh@aieynersalz*és:ls'l'meet¢®st1€ng
CULdNE O CEAFEQRALATLLD GLAVDLT, MBI Sl ase at
fast resor iS4 actlc acl d pol yner

orkﬁqmﬁy@@$y@n@a@}Ca@ubsﬁgrvwemhen said tiggsypecutting
ti %&é‘tlgéﬁgg dge\—ﬂ_:jggd@@c@hd'an%ltcﬁcﬁjl@ﬂ 20 i80nBent .
wherei n said bi odegradabl e polyner i's a resorbabl e

copol ynmer that degrade faster than their higher
crystalline honopol yners fromwhich they are nade of.

10. The tissue cutting device according to claim?9,

35 wherein said resorbable copolyner is a |lactide/
capr ol act one copol yner.



29 11. The tissue cutting device according to
claim1, wherein said bioresorbable material is a
resorbabl e ceramic material designed to rel ease ions
causing the pH to change towards an al kalic

environnent. 5 12. The t1%Ssue cutting device
according to claim 11, wherein resorbable ceramc
material is Hydroxyapathite. 13. The tissue

cut ti ng 4ddevhee tacsordicng tioocHavice, acgowkensi fosgilgin 3,
b'%ﬁ&%&?Q@%%%dﬁ%H% u%lcu%tQHGYQb%ﬁﬁE'§%|Ebn@%@b&@@bk%

mat er | tissue_cutting deyice

ac edifdicng etl@CdilréiCrﬁlrélaW%%lsEF@lnﬁ%lF’élqu byl 15 id at
degzje)%\dﬁabkﬁlé@ﬁj%@ic I ééul@sﬂ5n@@| yl(em)édfs@ﬁWbyCaﬂM)w:ls&ue

aci ol y(anhydride) or _a po oest .
515cuﬁﬁ93q QﬁnW %%9|Eésgggg%&F% % cé%%%]} use 18
whetee) #h il d poly(hydroxyl car boxylic aC|d) is 20
poly(lactic acid) or poly(glycol acid), or copolyners

t her eof . 16. The tissue cutting device
accordlﬁg Thecltdismut, owiédaion dexilgchipegegrdagbite claim 4,

eh:@ld $:A% eRzYmBtc ey A% 4edr %@%@t%n@ét 8k &lse of the

e tissue cutting device accaordin
10mhér1§%ﬁles§i%téﬁlﬂyﬁﬁt‘ﬁl€§l I8P GEGEEd 45108 C%rg&radable
Sel Vi of rdéms‘él |aglo(l$rﬂ®}ﬂﬁr®|taﬁlﬂl’i@3) diartet nrmarrw atissare to

but cr te Th t tt d
AR (90 SRS r it 'St B Cdogr adabl e ¢

narerlal Is selected fron1the group consi-sting of

pol yesters,..sucgh aci (

ey B e %?5?%” vg)%e CicBor AN (@ ¥olin 5,

15po|m5}(e4:-dmy1jr@q5d/aat‘erjaet@s‘gcq)@§a ogganlc substance released by
POl @éa&&Qﬁfﬂg kvt he LespRethieve iGapol YRRfSing
pokyanhydrldes

evice in use 1s degraded provide a change in pH, such

that local inflammation in myocardial muscle tTissue is

increased.
20 _
7. The tissue cutting device according to claim 5 or
6, wherein said biodegradable polyme£ is a fast
resorbing polymér.
25 8. The tissue cutting device according to claim 7,

wherein said fast resorbing polymer is a polylactic acid

polymer or a poly(glycolic) acid polymer.

9. The tissue cutting device according to claim 5 or
30 6, wherein said biodegradable polymer is a resorbable
copolymer that degrade faster than their higher

crystalline homopolymers from which they are made of.

10. The tissue cutting device according to claim 9,
35 wherein said resorbable copolymer is a lactide/

caprolactone copolymer.



synt hesi zed from di carboxylic acids, such as, for

exanpl e, glutar, anber, or sebacic acid, poly(am no

acids), or polyani des, such as, for exanple,

pol y(serine ester) or poly(aspartic acid). 5 19. The

tissue cutting device accordin§ to claim1, wherein

sai d bi odegradable material is a ceramc or netallic

mat erial. 1020. The tissue cutting device according

to cI ai m 19, Tiwher s s aiwk net@l dd ol gmtardatdigonprd selsaim 1,
, ]gﬂg£ L SSUe,

cuttl ng Qlléw%g accor%%%atl%lec rgc-fltrﬁrlgalllS é\/1\,1(:ae|r]¥e€|§n saéllkt)zlle

bi o@%g@mm@tw@@%l%e@s@ B IRAIE SHIRE fFayeaey the pH

Onet<§%&&{@%Wﬁ@%ﬁ%ﬁ]@zﬂi?@?&ﬁﬂ&m@@& ogi cal

envi ronnen 22. The tissue cutting device

5accordlng to claim 21, 20 wherein said at | east one

subst ancez j srred tof gant ocm@mim amdmoiing to claim 11,

The tissue

3 di
47T by O o e S o SRt B PO He Or DU B i

25 Li, My, Ni, Co, and/or V. 24. The tissue
cutti ng gevige, ac COLAL L {0 AN s dhRSLRHl %o claim 1,
cl ai ms, conprising | east one drug. 3025. The

10t | SERRCRAR t5AEE d@w%@wm e & or €1 hi v 22, hx%@%ywcally

sajggégaagggg,mé%gyfgyg is conprised in a coatlng or
as layers within said tissue cutting device.

26. The tissue cutting device according to claim 24
35 or 25,4 Wit said aitleaptdons-dragdsdiangriug claim 13,

t hat ner eases cuttin ffect . :
CICWQE%K&? (%Sh &Eof&tlcéhfy 5%@ra5%%HEEQ§aterlal is a
15 poly(hydroxyl carboxylic acid), a poly(anhydride} or a

' poly{orthoester) .

15. The tissue cutting device according te claim 14,
wherein said poly(hydroxyl carboxylic acid) is
20 poly(lactic acid) or poly(glycel acid), or copolymers
thereof.

16. The tissue cutting device according to claim 1,
wherein said biodegradable material is an enzymatically

25 degradable material.

17. The tissue cutting device according to claim 16,
wherein said enzymatically degradable material is
selected from oligo(e-caprolactone)dimethacrylate or

30 Dbutylacrylate.

18. The tissue cutting device according to claim 1,
wherein said biodegradable material is selected from the
group consisting of polyesters, such as poly(lactic

35  acid), poly{glycol acid), poly(3-hydroxybutyric acid),
poly (4d-hydroxyvalerate acid), or polyl{e-caprolactone),

or the respective copolymers, polyanhydrides



taxiferol, rapanycin, tacrolinus, alcohol,

gl ut ar al dehyde, fornal dehyde, and proteol ytic

enzyIes. 27. The tissue cutting device
according to claim?26, 5 mherelﬁ proteol ytic enzyne

i s collagenase, whereby said cdtting effect is

accel er at ed. 28. The tissue cutting device
according to claim 24, conprising a coating of a ‘
nonsﬁmugebr@degfa@abhecﬂxhﬂﬁukﬁ¢na@l@ﬁtesuah as, for
29. . Jheothssye,eytti ngrdevi ge aesgrdingcta, chai Pdmino

Ss
wher el n t% geV|ce is structured and arranged to be
i nsePi@d) i e oDy WRBsetudhFETo SUbsTERIEN Ty poly (serine

change=4p @Bq&@ £hid hectlevj ce is structured and
arranged to ange shape to extend at |east partly

outside the perineter or orifice of an outer wall of
sai d vess®l The stai&bderrd&relrlzeg(pmdienb straperdi2@8C.o Alaim 1,

k|t of hap o)
e R e e e
thenﬁe@lll¢hv1hﬂrl@bulatlon system said kit
conprising: a plurality of said shape-changing tissue
cutting 25 devices, which-each has a first delivery

10and a setdndi el Tiaitd St #etih Hir s i Clalm 19,

Cuthdge evi£ed ifletdel fdredtstad e daspsieds di.iensg onsi, Co,
as to sertable to a desired position within the

vas%%ﬁzbr stem and wherein each ‘tissue cutting
device is capabl e of changlng 30 shape to

subst ant j al I%lé hcel ch s?ér @&?deﬂ{g{ S@A dclaim 1,

desi red ‘position, S to g¥aneter
15| argetrehansahe mme@da@ﬁl@ rrea%%%éel a%ntlr@de%ltr%ﬁ» said

posaﬁlp@aswh&r@byug%ﬂéésm%ﬁ%ém@ gyt L dd a

becone. enbedded into the ti ssue surroundi ng the
veseEPlegli¢he 57 HeRTRYH positi on and destroy the
tissue in order to prevent it fronrtransnrttrng
~electric rern at e of
t he shap‘%i cﬁ%ﬁega%gg%e%l c%%t%s d:‘apjt ?Cc%gqunrénc Gratm 24,
20t 0 ehaesin eﬂa;cxdasatlb@aalt drine @mbﬂ@ece)fla ml@myc
vei ~apnd, at least one of the
sha%u Q%anglng devices'is adapted to be

23. The tissue cutting device according to claim 22,
wherein said ion is selected from the group comprising

25 Li, Mg, Ni, Co, and/or V.

24. The tissue cutting device according to any of

the preceding claims, comprising at least one drug.

30 25. The tissue cutting device according te claim 24,
wherein said at least one drug is comprised in a ccating

or as layers within said tissue cutting device.

26. The tissue cutting device according teo claim 24
35 or 25, wherein said at least one drug is a drug that

increases said cutting effect, such as ciclosporin,



5 inserted to a desired position in the coronary
sinus, and wherein said tissue cutting devices are of
a bi odegradabl e nmaterial, such that said plurality of
tissue cutting devices, in use, create a pattern of
cuts corresponding to the Mazesfll-pattern for said
treatnment 10 of disorders in the heart rhythm
regul ati on system
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15

20

25

30

35

taxiferol, rapamycin, tacrolimus, alcohol,

glutaraldehyde, formaldehyde, and proteolytic enzymes;

Z27. The tissue cutting device according to claim 26,
wherein proteolytic enzyme is collagenase, whereby said

cutting effect is accelerated.

28. The Lissue cutting device according to claim 24,
comprising a coating of a non-drug biodegradable

containing material.

~ 29. The tissue cutting device according to c¢laim 1,
wherein the device is structured and arranged to be
inserted into a body vessel and to subsequently change
shape, wherein the device 1s structured and arranged to
change shape to extend at least partly outside the
perimeter or orifice of an outer wall of said vessel in

said further expanded shape.

30. A kit of shape-changing cutting devices
according to any of claims 1 to 29 for treatment of
disorders in the heart rhythm regulatiecn éystem, said kit
comprisiné:

a plurality of said shape-changing tissue cutting
devices, which each has a first delivery and a second
delivered state, wherein each tissue cutting device in
the first state has such dimensions as to be insertable
to a desired position within the vascular system, and
wherein ecach fissue cutting device is capable of changing
shape to substantially the second state when located at
said desired position, which strives to a diameter that
is larger than the diameter of the vessel at the desired
position, whereby the tissue cutting device will become
embedded intc the tissue surrounding the vessel at the
desired position and destroy the tissue in order to

prevent it from transmitting electrical signals,



10

32

- wherein at least one of the shape-changing devices
is adapted to be inserted to a desired position at the
orifice of a pulmonary vein in the heart, and at least
one of the shape-changing devices is adapted to be
inserted to a desired position in the coronary sinus, and
wherein said tissue cutting devices are of a
biodegradable material, such that said plurality of
tissue cutting‘devices, in use, create a pattern of cuts
corresponding to the Maze III-pattern for said treatment

of disorders in the heart rhythm regulation system.



